Calorimetric measurements of the heat of solution of nitronium perchlorate (NO2CIO.1) and of a mixture of potassium nitrate and potassium perchlorate in aqueous potassium hydroxide have been made. These are combined to give: 
Introduction
This investigation was carried out in the Thermochemistry Section of the National Bureau of Standards as part of a program, currently in progress, on the determination of the thermodynamic properties of the "light element" compounds. Nitronium perchlorate is a white crystalline material stable at temperatures up to 120 °C. It is extremely hygroscopic, reacting rapidly with water to form nitric and perchloric acids. The heat of formation of NO 2 C1O 4 can be determined by measuring this heat of decomposition. In this investigation, aqueous solutions of potassium hydroxide were used, as the potassium salts of the acids provided more suitable reference substances.
Materials
The potassium nitrate and potassium perchlorate were reagent grade materials, dried at 120 °C and stored in a desiccator over anhydrous magnesium perchlorate. The potassium hydroxide was reagent grade material; the calorimetric solutions were prepared with CO 2 -free distilled water, and standardized against potassium acid phthalate. The addition of silver nitrate to the acid solution gave a negative test for chloride ion.
From the ratio of total acid measured to total acid theoretical, the purity of the sample was estimated to be 99.93 mole percent or 99.65 weight percent. Since NO 2 C1O 4 is extremely hygroscopic the major impurity is presumed to be water.
Units of Energy, Molecular Weights, and Conversion Factors
The joule was taken as the unit of energy. All instruments were calibrated in terms of standards maintained at the National Bureau of Standards. For conversion to the conventional thermochemical calorie, one calorie is taken as 4.1840 joules. All weights are corrected to vacuum.
All atomic weights were taken from the 1957 International Table of Atomic Weights [I] . 1 The heat capacities were taken, where possible, from the literature [2] . For NO 2 C1O 4 , an estimated value of 36 cal/deg mole was used.
Apparatus and Procedure
The glass calorimeter, thermometric system, apparatus for measurement of electrical energy, and general calorimetric procedure have been described [3, 4, 5] . The calorimeter contained 454.6 1 Figures in brackets indicate the literature references at the end of this paper g of a 0.04126 N KOH solution. The sealed glass ampoule contained about 0.005 mole NO 2 C1O 4 . The calorimeter assembly was placed in a thermostatically, controlled water-bath maintained at 25.0 zb0.002 °C. After the run, the calorimeter solution was titrated with standard acid, using a Beckman pH meter, as a check on the mass of sample and completeness of reaction. No calculations were based on the titrated values of NO 2 C1O 4 , since the weighed mass of sample was more accurate.
The heat of solution of an equimolar mixture of crystalline KN0 3 and KC1O 4 was measured in the same apparatus. The calorimeter contained 454.6 g of a 0.02077 N KOH solution. The sample size was adjusted to give the same final solution as in the NO 2 C1O 4 hydrolysis experiment.
Two series of electrical energy calibrations were carried out, one with 454.6 g of 0.04126 N KOH solution and a bulb containing 0.005 mole NO 2 C1O 4 , the second with 454.6 g of 0.02077 N KOH solution and a bulb containing 0.005 moles each of KNO 3 and KC1O 4 .
Results and Calculations
The results of the calibration experiments on the calorimetric system used for the measurement of the heat of reaction of NO 2 C1O 4 are given in table 1. ARc corresponds to the corrected temperature rise of the system [6] . The energy equivalent, Es, of the "standard" system was obtained as the ratio of the quantity of electrical energy, Ee, to ARc, the corresponding rise in temperature. The
in the mass of the glass bulb and sample from that of the reference bulb and sample. The term g(dil) represents the correction for the dilution of the individual final solutions to a uniform concentration. This was calculated from the data in [2] , assuming that only the KOH(aq) contributed any heat effect. The total energy, q, is shown by the equation q=ARc{Es + Ae)+q(dil).
The results of the electrical calibration experiments on the KNO 3 /KC1O 4 system, and heat of solution experiments with the equimolar mixture of KNO3 and KC1O 4 , are given in tables 2 and 4, respectively.
The term g(KNO 3 ) in table 4 is the product of the difference between moles of KC1O 4 and moles of KNO3 and the heat of solution of KNO 3 . It is applied to make the molar quantities of KN0 3 and KCIO4 exactly equal. (1) based upon mass of sample. This value must be corrected for the presence of 0.35 weight percent moisture. If it is present as the hydrolysis products HN0 3 and HC1O 4 , it corresponds to 0.0283 mole of each acid. 
Combining eqs (2) and (3) The uncertainty interval for the measured heats has been taken as twice the overall standard deviation of the mean based on the sum of the variances from the calibration and reaction experiments and reasonable variances assigned to the auxiliary data and the analysis for total acid. 6 . Discussion Cordes and Fetter [8] measured the heat of reaction of NO 2 C1O 4 with water, they report a value for the heat of formation of N0 2 C10 4 (c) of 8.0 ±0.4 kcal/ mole. Recalculating their data with the more recent auxiliary heats of formation used for this work, their value becomes 8.7 ±0.4 kcal/mole, in excellent agreement with the results obtained here.
